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PREFACE

The objectives of the NASA Aerospace Safety Research and Data
Institute (ASRDI) are:

(a) To support NASA, its contractors and the aerospace
Industry with technical information and consulting
on safety problems.

(b) To identify areas where safety problems and technology
voids exist and to initiate research programs both in-
house and on contract in these problem areas.

(c) To author and compile state-of-the-art and summary
publications in our areas of concern.

(d) To establish and operate a Safety Data Bank,

In pursuing these objectives, ASRDI has assumed the responsibility
for publishing two documents resulting from an effort initiated and
supported by the NASA Headquarters Safety Office (DY).

The first of these documents is:

General Electric Co., Daytona Beach., Manned Space Programs
Accidents/Incidents Summaries (1963-1969) March 1970, NASA,
Director, Manned Space Flight Safety, NASW-410 (Safety Task),
NASA-CR-120998.

This document is being reprinted to fill current needs.

The second of these documents is:

Cranston Research Inc., Manned Space Programs Accident/
Incident Summaries (1970-1971) April 1972, NASA Headquarters
Safety Office, Charles W. Childs, Program Manager, NASW-2225,
NASA-CR-120999,

This is the initial printing of this report.

Frank E. Belles
Director of Aerospace Safety
Research and Data Institute
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FOREWORD

This document has been compiled to update the Manned
Space Programs accident/incident experience informatim pre-
sented in NASA Safety Program document, Manned Space Programs
Accident/Incident Summaries, dated March 1970. It should be
used in conjunction with the March 1970 document to obtain
full visibility of the ways of preventing repetition of
accidents/incidents in future programs,

The March 1970 document is based on accidents/incidents
experienced in the calendar years 1963 through 1969, This
document is based on accident/incident experience in the
calendar years 1970 and 1971.

The statistical information in this document includes a
restatement of the significant statistical information in the
March 1970 Swmwnaries for comparison with the new information;
and an integration of the total information to provide statis-
tical sumnaries covering some nine (9) years of Manned Space
Program activities,

As with the March 1970 document, the compilation of this
document was made possible through the understanding and support
provided by management and safety personnel of NASA Headquarters,

NASA Field Centers, and NASA contractors.
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PART T, INTRODUCTION

Purpose and Oblective

This compilation of accident/incident information relative to
space programs has been prepared as part ol the NASA Manned
Space F.isut Sarety Promram. The basic documentation of this
invosmation is concainee ‘n NASK Safety Program Docr nent,
Manned S5nace Progrrains Accicent/Incicent Sumnaries, March
1970, on experience tliroug: the calendar vears 1963-1969,
This document is zn undate o7 the basic document to &add
accident/incident exoerience cained durinc calendar sears
1970 and 1971. Tue objective of this compilztion is o con=
tribute to salet; "y makine available to covernnent agencies
an. indurtrial conrerns he siznificant lenssons learrned Trom
the accicdent/incicent experience of Manne« Space Flizht Pro-
grams, No relerence 1as been :ngue in the suwmvaries as to
locat’on, facilitlics, companics, oranizations, products,
prorrams, or iudiyiouals involveo., Tae document nas lLeen
prenared primacil:; for ihe ure of manarewent, sipervisory,
engineering, anc safety personnel on space prosrams. For most

cifective use in rucure prorrams, the individual accidents/

incidents recorued herein must be intcrpreced by nrocram special-

ists for application to potentcial hazards of the particular

program or systems involveu. For the assistance of management

in evaluating the potentially hazardous plases of a program,

statistical summaries of cause [actorz anc ot.er significant



information pertaining to accident prevention in future pro-
grams has been provided.

Information Sources

The sumnaries contained herein were compiled from existing
documentation of accidents or incidents on Manned Space Flight
Proorams, In compiling the basic document, approximately
10,000 case cdocuments were reviewed, irom which a total of

509 summaries was selected. Records reviewed included exist=-
inc records of NASA lleadquarters, NASA Ficld Centers concerned
with space procrams, and eighteen (18) contractors, associate
contractors and subcontractors on space programs. In compiling
the inTormation for this document, over 5000 case documents
were reviewed at MASA ileadguarters, MASA [ield centers, and
five (3) major contractors, reculting iIn the selection of an
acditional 223 sumnaries, Ho gttempt was made to summarize
anomalies which occurred during manned space flight missions.
The majority of the accidents/incidents selected occurred
curinc various phases of the Apollo Program with the remainder
selected from other manned space programs,

Criteria Used

Eech accident/incident summary contained in Part IITI has been
summarized by deccription, cause and reccommended preventive/
corrective action., The criteria used lor each of these summary

serments are defined below:




Descripiions

Accidents/incidents were selected from records on the basis

of the following criteria:

a. I'n occurrence wliich reflected a significant lesson of
importance to Tuture srocrams,

b, The occurrence invelved gpace procrams [light vehicle
syvstems, hardware or rrowid support¢ equipment and
facilities provicing irect suppor: to Tpace aIrograms,

c. Tore occurrence resulived in perconnel fatality/inju»y,
and/or ceused damage io prooram s»stens, hardware,

GSE and “acilities or resulied in & potentially hazard-
us conci:ion,

The descrintion for each gcclient/incident relates what

hapgened; o it happened; the nhaze of the prosram ectivity

involved; liardware, eguipment and/or itacilities damaged;
persomel injuriesc acc atalities incurred or potential

hazards creaied.

The description ol what hanpener has ineluded the event that

caused the accident/incident to occur. For exanple, a cage
blew up and injured one person during ceveloprent test of an
engine, due to inadvertent cross connection of high and low
pressure syscems." Here, the first order cause factor was

included as part of the description of what happened and per-

mits concentration in the cause section on the second order

of causes relested to wh it nappenec, This was done because




it ig believed Lhat too often cause factors have not heen
identified in sufficieni depth to provide guidelines for

management or supervisory corrective programs.

Causes

The causes identified in the ncause" sections reflect the
judgment of the reviewing teams based upon information pro-
vided in the accident/incident records. In many cases, the
reports were supplemented Ly discussions with key people

o more accurately identify cause factors. The second order

cause Tactors consicered were hardware or software deficiencies,

as determined by the following criteria:

a. Hardware Derficiencies

9 Material Failure - Material Tailure as used in cause

determinations was defined as any failure of materials
or components in development tests at less than design

specification or failure under operational conditions.

© pesimn Deficiency - This cause lactor was édefined as

any desimn specification inadequacy, resulting in

deficient hardware which contributed to the occurrence

of an accident/incident. TFactors considered were
omission of essential information, failure to specify

safety devices or warnings, Failure to determine

stress/fatigue and oiner operational/interface factors,

errors in material selection, or clerical erracs in

drawings and specifications.
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Materials Incompatibility - Materials incompatibility

was defined as any cause in which incompatible
materials were brought together through a design
error, installation error, or procedural error.
Malfinctions -~ Malfunctions were defined as any
anomaly where a system, subsystem or component failed
to function as intended, resuliing in conditions

which contributed to accidents/incidents.

Software Deficiencies

Procedural ~ A procedural deficiency was defined as
any case in which formal procedures contributed to
accident/incident causes as a result of failure to
orepare procedures, failure to follow procedures,
deviations from procedures during & test, failure to
coordinate concurrent tests, omissions of essential
inforsaation in procedures, clerical errors in pro-
cedures, use of wrong procedures, or failure to up-
date procedures.

Planning - A planning deficiency was defined as any
case waerc the cause of an accident/incident was due
to failure to properly plan prior to an event., In~
cluded in these considerations were lack of or
inadequate test planning, failure to perform pre-
operations hazard analysis, deficiencies in planning
for transportation, handling and storage, and failure
to determine necessary equipment and personnel re-

gsources for an operation.



© Work Control - Work control deficiency was defined
as any condition contributing to an accident/incident
during installation, maintenance, storage, cleaning,

_repair, and fabrication of systems., TFactors con-

sidered as work control deficiencies were inadequate
records, inadequate area control, failure to exercise
proper control over materials, failure to properly
mark and identify equipment and failure to define
work requirements.

° Management/Supervisory - This cause factor was defined

to include errors in decisions, policies, or direct~
ives which contributed to the occurrence of accident/
jncidents. Included was failure to perform manage-
ment or supervisory responsibilities for planning;
training and certifying personnel; and failure to
perform personnel surveillance of critical activities,

© Training - This category was defined as any deficiency
in workmanship or duty performance in which lack of
training, briefing, certification or specific work
jnstructions contributed to an accident/incident,

© Inspection - An inspection deficiency was defined as
any condition contributing to an occurrence in which
inspection was involved through failure to verify,
failure to maintain inspection records or errors in

inspection records.




Recommended Corrective/Preventive Action

In this part, an effort was made to reflect all recomMenda;
tions included in the reports reviewed. In many cases,
recomtiended corrective/preventive actions in individual
reports were keyed solely to the one event, and not necess-
arily broadly applicable to other similar events, In those
cases, the recommended corrective actiong were evaluated
and extrapolated for application generally to like systems
on future programs, Also, since cause factors were con-

sidered in terms of hardware or software deficiencies, the

recommended corrective/preventive action was generally

oriented to tiiese cause factors,



B.

PART TII, STATISTICAL SUMMARY

LA AT TS B LA S

Approach

The statistical information presented in this document is de-
signed to present graphically that information considered to
be of value to management. The charts at the end of this Part
show the distribution of accidents by system categories, cause
factors and program activities. The information provided in
these charts represents accident/ineident statistical informa-
tion over an approximate nine (9) year period. In each chart,
a bar-graph is presented to show accident/incident experience
over:

1. The 1963 through 1969 period (March 1970 Summary period)

2. Thie 1970 and 1971 period (update peri.od)

3. The 1963 through 1971 period (total period)

Findings

By the method of display, management is provided with a basis
for relating program events to accident/incident data for the
time periods shown. Some of the more significant information
shown in the charts is summarized below, Although the accidents/
incidents in the 1970-~71 period generally followed the same
distribution as the 1963-C9 period, there were some significant
chanres over the last two (2) years.

1. Dietribution by Systemns

Of the ten (1L0) system categories shown in Chart 1, Pressure

Systems and Facility/Ground Support Equipment were the two




2.

systems having the highest percentage involvement over
the total period; although there was a significant de-
crease (23% to %3 in Pressure Systems involvement, and
a significant increase (18% to 35%) in Facility/Ground
Support Systems involvement in the 1970-71 period. The
percentage involvement over the total period for these
systems were:

a. Facility/Ground Support Systems 2u¢e;

b, Pressure Systems 1%

Ordnance Systems continued to show the lowest involvement,
with no recorded accident/incident in the 1970-71 period,

Distribution bv Causes

The distribution of acc:dents/incidents by cause factors

is shown in Chart 2, Soitware ceficiencies were a greater

contributor to accidents/incidents than Hardware deficiencies;

and procedures, work control and inspection were the most
significant Soltware cause factors.
a. Hardware Deficiencies

Hardware deficiencics were, for the most part, related

to design deficiencies. The number of cases in which

design deficiencies contributed to or caused accidents/
incidents was significantly higher than those caused
by material failures or malfunctions, although there
was a significant decrease (375 to 17%) in design de-

ficiency causes in the 1970-71 period. Tn 315 of the



b.

732 cases, a desimn deficiency was identified, whereas

only 53 of the cases involved material failure as a

cause and only 6% involved malfunctions. Material

failure causes increased (3% to 8%), and malfunction
causes decreased (8% to 1%) in the 1970-71 period.

cases involving malfunctions occurred mostly during
operational tests and manufacturing checkout. TLike-

vise, the number oi cases where material incompatibility

contributed to the cause of accidents/incidents was
relatively small, only 3% of the 732 cases; however,
some very serious accidents occurred as & result of

this factor.

Software Deficiencies

The number of cases involving procedural deficiencies
was significantly high and constituted the single
largest contributor to accidents/incidents causes with
1o’ of the 732 cases. Likewise, the number of related
wori control deficiencies was quite high., This area
was a very significant factor in accident/incident
causes and constituted the second largest contributor

with 3¢ of the 732 cases.

Management or supervisory deficiencies were involved in

79, of the 732 cases. Six percent (6%) of the cases in-
volved planning deficiencies and %% of the accidents/

incidents involved training deficiencies. In many

10.
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cases, training deficiencies pertained to inadequate
Imowlecge of the total operation. Individuals were
not well enough informed of other work going on con-
currently and/or what the previous shift had done as
shown by the fact that 3% of the accidents/incidents
involved failure to transfer essential information

during shift changes. Although inspection deficiencies

were not the primaryv cause of accidents/incidents, in-
spection was a major contributing factor since many
accidents/incidents couid have been prevented had there
been sufficient anc¢ timely inspection and verification.
For example, in 3% of the cases, there were cross
connections of lines or cables which could have been
prevented by inspection. Twenty-three percent (23%)
of the accidents/incidenis involved inspection defici-~
encies,
Distribution by Program Activity
As records were reviewed, the accidents/incidents were identi-
fied to a program activity. The results of this compilation
are shown in Chart 3. As shown in the chart, more of the 732
accidents/incidents occurred during operaticnal test and
checkout than in any other program activity, accounting for
us9% of the total. Manufacturing was also a significant
source of accidents/incidents, with 3uU% of the cases occurring

during this activity.

11,



Distribution by Accidents vs. Incidents

The distribution of accidents/incidents was based on .
NHB 1700.1 definitions (Type A, Type B, Incident) and the
identifications in the case documents reviewed. The

distributions are:

Period Accidents Incidents
1963-1969 17% 83%
1970-1971 13% 87%
1963-1971 16% 8%

Distribution by Work Shift

The statistical summary of accidents/incidents by work
shifts revealed a rather direct relationship to the level
of activity or the number of people involved in each shift.
With most of the work done on the day shift, as would be
expected, the majority of cases occurred on the first shift.
Although risks may have been higher, per level of activity,
on second and third shifts, data was not available to make

this correlation. Distribution of cases by shift was as

follows:

Period First Shift Second Shift Third Shift
1963-1969 65% 26% 9%
1970-1971 81% 12% 7%
1963-1971 70% 22% 8%

12.




Distribution by Calendar Quarters

The seasonal distribution of accidents/incidents by calendar

gquarters was compiled as follows:

1963-69 1970-71 1963-71

First Quarter 2%; 308 29%
(Jan., Feb,, Mar.)

Second Quarter 2425 24% 2U%
(April, May, June)

Third Quarter 27% 22% 25%
(July, Aug., Sept.)

Fourth Quarter 20% 249 21%
(Oct., Nov., Dec.)

Inis distribution could not be correlated to any particular
factor, and the variation in distribution was not enough to
be significant.

Injuries/Fatalities/Damage

Records compiled on percentage of accidents/incidents which
involved injuries, fatalities, or damage showed the following:
% OF THE TOTAL
19(3-69 1970-71  1963-71

Injuries 15¢; 20% 179

Fatalities 1% < 1% 124

Damage (hardware, facilities, 68% 66% 67%
equipment)

In a nunber of the cases, personnel injury or fatality, as
well as damage, occurred. A number of incidents were included
in the summaries where there were no injuries, fatalities, or

damage, but the incident created a high hazard potential. For

13.



these reasons, the percentages shown do not cunulatively
represent all the accidents/incidents summarized.
Human_Error

Separate emphasis was not given to human error in identify-
ing cause factors unless it was apparent in a report, be-
cause human error would be present to some degree in most
unplanned events. Emphasis was placed, however, upon
determing what caused or contributed to the human error
and, as the accident/incident records were reviewed, a
notation was made as to whether or not hunan error was
directly involved in the cause of the accident. Based upon
a simple yes or no determination of direct or indirect human
error involvement, the following percentages of cases in-
volved human error as a factor to the cause of accidents/
jncidents. The majority of these cases involved second-
order causes. Human error involvement could probably have
been identified in the remainder of the cases had more in-

{ormation been available:

1963-69 7uct
1970-71 72%
1963-71 73%

The following percentages of cases, where an individual act
of carelessness or irresponsibility at the time of the

occurrence was the only cause, were identified:

14,




1963-69 < 1%

1970-71 9%

1963-71 ~ 3%
In practically all the cases there were indications that
management and supervisory deficiencies were indirectly
involved in accident/incident causes even though deficiencies

were not specifically identified in the reports and documents

reviewed.

15.
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APPENDIX

GLOSSARY OF
ABBREVIATIONS, ACRONYMS AND TERMS

ACE - Automatic Checkout Equipment
AS| - Apollo Standard Initiator
ASME - American Society of Mechanical Engineers
CG - Center of Gravity
CO2 - Carbon Dioxide
CRS - Cold Rolled Steel
DB - Design Burst
ECS - Environmental Control System
EO - Engineering Order
GH» - Gaseous Hydrogen
GN - Gaseous Nitrogen
GSE - Ground Support Equipment
He - Helium
Hz - Hertz (cps)
KOH - Potassium Hydroxide
LH2 - Liquid Hydrogen
LN - Liquid Nitrogen
LO - Liquid Oxygen
N204 - Nitrogen Tetroxide
LuUT - Launcher Umbilical Tower
o - Oxygen
O(Z.P - Operational Checkout Procedure
PSI - Pounds Per Square Inch
PSIA - Pounds Per Square Inch Absolute
PSIG - Pounds Per Square Inch Gauge
QC - Quality Control
QD - Quick Disconnect
Q&RA - Quality and Reliability Assurance
RCS - Reaction Control System
R&D - Research and Development
- RF - Radio Frequency
RPM - Revolutions Per Minute
SCAPE - Self Contained Atmospheric Protective Ensemble
SCFM - Standard Cubic Feet Per Minute
TC - Test Control/Test Conductor
TCD - Test Checkout Directive
TCP | - Test Checkout Procedure
TPS - Test Preparation Sheet
TPI - Threads Per Inch
TV - Television
TVD - Toxic Vapor Disposal
UDMH - Unsymmetrical Dxmethylhydrazme
vDC - Volts, Direct Current
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APPENDIX (CONTINUED)

Accident -
Incident -
Cryogenics -
"D" Water -
Dewar -
Hardware - -
Software -
"Hoke" Bottle -
"K" Bottle -
"Kluge" -

Program Phase

Program Activities-

A fyhé A oerlsh;pas defined in the NASA
Safety Manual, NHB 1700.1 (V1)

A mishap of less than accident severity as
defined in the NASA Safety Manual,
NHB 1700.1 (V1)

The science of producing and the application
of low temperature processes below minus

150° F and the techniques involving handling,
storage and usage of liquified gases. Examples
are hydrogen, oxygen and helium.

Distilled water.

A double walled metal vessel or tank, with
an evacuated space between walls, used for
storing fuels and propellants in a liquid state.

Any program component, subsystem, system,
module, stage or vehicle, plus any facility
equipment and property, ground support
equipment (GSE) and other used in direct support
of program hardware.

Any formalized written policy, directive,
procedure, plan, specification, requirement or
analysis prepared as an essential tool in the
conduct of program activities.

A small pressure vessel or contalner used in
obtaining, handling and transporting gases
and liquids for sampling.

A portable pressure cylinder or tank commonly
used as a pressyre source.

A frequently used slang term for a temporary or
unauthorized installation,

The four phases of a major research and development/
operations program as defined in the NASA Phased
Project Planning Guidelines, NHB 7121.2, August
1968 Edition.

Tasks, work, functions and responsibilities associated
with program hardware development/operations as

defined in NASA Phased Project Planning Guideline_s,.

NHB 7121.2, August 1948 Edition.
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